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it  \pnn\c\  in  repeated  stress.  PHARMACOL  BIOCHHM  BKHAV  32(2)  55~-56| .  19X0.  —  The  present  experiment  was 
conducted  to  determine  whether  the  plasma  hormonal  and  pituitary  cyclic  AMP  responses  observed  following  a  single 
exposure  to  an  acute  stressor  would  diminish  ‘ollowing  reexposures  to  the  same  stressor.  Fifteen-min  stress  exposures 
t forced  running)  were  separated  by  45-min  leeovery  periods.  Separate  groups  of  control  and  stressed  animals  were 
sacrificed  before  and  after  each  of  four  15-min  stress  periods  and  after  each  recovers  period.  1  he  first  exposure  to  15  min 
of  forced  running  raised  plasma  ACTH.  corticosterone  and  pituitary  cyclic  AMP  levels  approximately  6-fold  and  more  than 
tripled  levels  of  plasma  prolactin.  Plasma  ACTH  and  pituitary  cyclic  AMP  responses  to  the  second,  third  and  fourth  stress 
exposures  were  very  similar  to  the  responses  to  the  first  stress  exposure,  and  levels  of  these  substances  returned  to 
prestress  levels  during  each  45-min  recovery  per  od.  Plasma  prolactin  responses  to  the  four  stress  sessions  were  somewhat 
variable  but  no  significant  trend  among  the  responses  was  seen.  Plasma  prolactin  levels  also  returned  to  prestress  le'ds 
between  stress  exposures.  Corticosterone  levels  were  similar  following  each  of  the  four  stress  sessions  but  levels  remained 
elevated  compared  to  prestress  levels  between  stress  exposures.  These  data  suggest  that  pituitary  responses  to  acute  stress 
are  rapid,  that  return  to  prestress  levels  is  also  rapid,  with  the  exception  of  corticosterone,  and  that  repeated  responses  of 
the  same  magnitude  may  be  evoked  when  stressors  are  separated  by  short  recovery  periods. 

ACTH  Corticosterone  Prolactin  Pituitary  cyclic  AMP  Stress  Rat  ^ 


ACL TH  stress  activates  a  multitude  of  neuronal  and  hor¬ 
monal  responses  (9.  12.  27.  32).  The  peptide  corticotropin 
releasing  factor  (CRF)  isolated  and  characterized  bv  Vale 
and  colleagues  appears  to  play  a  key  role  in  both  autonomic 
and  hormonal  responses  to  acute  stress  (5.  10.  19.  33).  CRF 
appears  to  be  the  primary  regulator  of  ACTH  release  from 
the  anterior  pituitary  gland,  although  other  secretagogues 
including  norepinephrine,  vasopressin  and  angiotensin  II 
may  also  affect  ACTH  release  (6.  26.  30).  CRF.  released  into 
the  pituitary  portal  circulation,  binds  to  specific  CRF  recep¬ 
tors  located  on  corticotroph  cells  of  the  anterior  pituitary. 
Binding  initiates  a  sequence  of  events  including  stimulation 
of  adeny  late  cyclase,  synthesis  of  cyclic  AMP.  activation  of 
cyclic  AMP-dependent  protein  kinase  and  stimulation  of  re¬ 
lease  and  synthesis  of  ACTH  (2.  3.  20).  Both  in  vitro  and  in 
vivo  studies  have  suggested  that  pituitary  CRF  receptors 
may  desensitize  following  either  continuous  in  vitro  ex¬ 
posure  to  CRF  or  repeated  in  vivo  administration  of  exogenous 
CRF  such  that  less  ACTH  release  is  seen  in  response  to  CRF 


(28.  29.  34).  The  present  experiment  was  conducted  to  deter¬ 
mine  whether  desensitization  to  naturally-evoked  pulses  of 
CRF  would  be  observed  in  vivo.  Repeated  exposure  to  an  acute 
stressor  was  used  to  stimulate  CRF  release.  Pituitary  cyclic 
AMP  and  plasma  ACTH  responses  were  used  to  gauge  the 
sensitivity  of  the  CRF  receptors.  Plasma  prolactin,  which  is  not 
regulated  by  CRF.  was  measured  as  an  independent  estimate  of 
the  "stressfulness"  of  each  stress  challenge  since  it  was 
possible  that  a  behavioral  habituation  to  the  stressor  would  de¬ 
velop.  ACTH  regulates  adrenal  corticosterone  release  and 
this  stress-responsive  hormone  was  also  measured. 

MKTHOf) 

Animals 

Male  Sprague-Dawlcy  rats  (275 ±25  grams)  were  purchased 
from  Zivic-Miller  and  housed  for  2  weeks  prior  to  the  exper¬ 
iment  in  a  light  and  temperature-controlled  housing  area. 
The  rats  were  individually  caged  with  food  and  water  freely 


'Research  was  conducted  in  compliance  with  (he  Animal  Welfare  Act.  and  other  Federal  statutes  and  regulations  relating  to  animals  and 
experiments  involving  animals  and  adheres  to  principles  stated  in  the  Guide  Jar  the  Care  and  Use  <>) l.ithorutors  Animals.  NIH  publication 
X5-2.V  All  procedures  were  reviewed  and  approved  by  the  WRAIR  Animal  Use  Review  Committee. 

The  views  of  the  aulhortst  do  not  purport  to  relied  the  position  of  the  Department  of  the  Defense  (para  4-5.  AR  360-5). 
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FIG.  I.  Pituitary  cyclic  AMP  response  to  repeated  stress.  A  total  of 
80  rats  Here  used  in  this  experiment  including  16  control  and  64 
experimental.  Each  point  represents  the  mean-SEM  of  16  controls 
or  8  stressed  rats.  Stressed  rats  were  exposed  to  from  I  to  4 
fifteen-min  stress  sessions  *  a  45-min  recovery  period  prior  to  sac¬ 
rifice.  Significantly  different  from  control.  /»  0.05. 


available.  Lights  were  on  from  0600  to  1800  hr  daily.  The 
experiment  described  was  conducted  during  4  consecutive 
mornings  so  that  all  animals  could  be  sacrificed  w  ithin  a  2-hr 
period  (0950  to  1 150)  to  avoid  significant  circadian  variations 
in  hormonal  and  pituitary  cyclic  AMP  responses  to  stress 
(13).  Four  control  animals  and  two  animals  from  each  of  the 
eight  experimental  groups  were  sacrificed  each  of  the  four 
days.  Control  (nonstressed)  rats  were  sacrificed  within  I  min 
of  removal  from  their  home  cage  to  minimize  nonspecific 
stress.  Experimental  animals  were  sacrificed  either  im¬ 
mediately  after  a  15-min  stress  session  or  45  min  following 
the  end  of  a  stress  session  (see  below). 

Experimental  Procedures 

Control  rats  were  sacrificed  by  decapitation  using  a  guil¬ 
lotine  immediately  upon  removal  from  their  home  cage. 
Stressed  rats  were  exposed  to  from  one  to  four  sessions  of 
"forced  running"  (II.  14.  17.  18).  Rats  were  placed  in 
motor-driven  metal  mesh  wheels  (diameter  38  cm;  6  rpm,  a 
fast  walking  speed)  for  fifteen  min.  Rats  were  either  sac¬ 
rificed  immediately  folio  wing  a  stress  session  or  placed  back 
in  their  home  cage  for  a  45-min  recovery  period.  Some  rats 
were  sacrificed  after  each  recovery  period  and  others  were 
placed  back  into  the  wheel  for  another  15-min  stress  session. 
Thus,  nine  separate  treatment  groups  were  compared:  con¬ 
trol  (no  running),  and  separate  groups  of  rats  exposed  to  1 . 2. 
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FIG.  2.  Plasma  AC'TH  response  to  repeated  stress  (see  Fig.  1  for 
further  details).  ‘Significantly  different  from  control. />  <0.05. 


3  or  4  running  sessions  with  or  without  a  45-min  recovery 
period  prior  to  sacrifice.  Pituitaries  were  removed,  weighed 
and  immediately  placed  into  90°C  sodium  acetate  buffer  ( p H 
6.2.  0.05  M)  for  15  min  to  inactivate  pituitary  enzymes  and 
prevent  post-mortem  changes  in  levels  of  cyclic  AMP  (211. 
In  order  to  minimize  the  time  required  prior  to  heating  the 
pituitary  tissue,  the  anterior  pituitary  was  not  dissected  free 
from  the  remaining  tissue.  However,  we  have  previously 
shown  that  stress-induced  increases  in  pituitary  cyclic  AMP 
occur  in  the  anterior  but  not  posterior  lobe  (25).  Following 
sonication  and  centrifugation,  supernatants  were  stored  at 
-40' C  until  assayed  for  cyclic  AMP.  Trunk  blood  was  col¬ 
lected  in  heparinized  beakers:  Trasylol  (a  peptidase  in¬ 
hibitor)  was  added  and  plasma  was  stored  at  -40  C  until 
assayed  for  ACTH.  prolactin  and  corticosterone. 

Assays 

Materials  for  the  prolactin  assay  were  prov  ided  by  the  Na¬ 
tional  Institute  of  Health  through  the  Rat  Pituitary  Hormone 
Distribution  Program.  Prolactin  was  radioiodinated  as  previ¬ 
ously  described  (22).  Within  assay  variation  was  <8 r7  and 
between  assay  variation  <1297.  Corticosterone  was  meas¬ 
ured  by  radioimmunoassay  using  an  antibody  produced  in 
our  laboratory'  against  corticosterone-2I-hemisuccinate:BSA. 
Somogyi  reagents  were  used  to  separate  free  from  bound 
ligand  (24).  Corticosterone  |l,2-:iH(N),  specific  activity  50 
Ci/mmol.  New  England  Nuclear]  was  the  labelled  ligand. 
Assay  sensitivity  was  0.6  /xg97.  The  intraassay  and  interas¬ 
say  coefficients  of  variation  were  697  and  1297  respectively  . 
ACTH  was  measured  using  a  radioimmunoassay  kit  (Im- 
muno  Nuclear  Corp).  The  assay  was  performed  in  12x75 
polypropylene  tubes  using  an  overnight  incubation  at  4°C. 
Assay  sensitivity  was  approximately  10  pg/ml.  The  intra¬ 
assay  coefficient  of  variation  was  2.597  at  380  pgml  and  the 
interassay  coefficient  of  variation  was  <597.  Cyclic  AMP 
was  measured  by  radioimmunoassay  using  antibodies  char¬ 
acterized  in  our  laboratory  (22). 
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PIG.  A  Plasma  prolactin  response  to  repeated  stress  (see  Fig.  1  for 
further  details).  Significant!}  different  from  control.  />  0.05. 

Stotislii  s 

Data  were  analyzed  by  one-way  analysis  of  variance.  Fol¬ 
lowing  the  finding  of  a  significant  F  score,  follow-up  com¬ 
parisons  were  made  for  each  group  vs.  control.  Differences 
were  considered  to  be  significant  at  /><0.05. 

RESULTS 

As  shown  in  Fig.  I.  acute  stress  markedly  increased 
levels  of  pituitary  cyclic  AMP.  Forty-five  min  following  the 
first  15-min  stress  exposure,  levels  of  pituitary  cyclic  AMT 
had  returned  to  prestress  levels.  Pituitary  cyclic  AN'1'  ~ 
sponses  to  the  second,  third  and  fourth  stress  sessioi  >cn 
similar  to  the  first  response  and  levels  returned  to  bas 
between  each  stress  session 

ACTH  responses  to  stress  mirrored  the  pituitary  cyclic 
AMP  responses  as  shown  in  Fig.  2.  Again,  no  diminished 
ACTH  response  was  seen  following  repeated  stress  expo¬ 
sures  and  levels  of  ACTH  returned  to  prestress  levels  during 
each  45-min  recovery  period. 

Plasma  prolactin  responses  were  somewhat  variable  (Fig. 
3).  More  importantly,  since  prolactin  response  was  used  in 
this  experiment  to  detect  possible  behavioral  adaptation  to  the 
stress  stimulus,  no  pattern  of  decreasing  response  was  seen 
w  ith  increasing  numbers  of  stress  exposures.  Prolactin  levels 
also  returned  to  prestress  baselines  during  each  recovery 
period. 

Plasma  corticosterone  levels  increased  greatly  following 
the  first  stress  exposure  and  then  failed  to  return  to  baseline 
during  the  first  recovery  period  ( Fig.  4).  Levels  of  corticoste¬ 
rone  immediately  following  exposures  to  subsequent  stress 
sessions  were  similar  to  the  first  response,  but  levels  of  cor- 
tico.terone  after  each  45-min  recovery  period  decreased  for 
each  of  the  first  three  exposures. 
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FIG.  4.  Plasma  corticosterone  response  to  repeated  stress  (see  Fig.  1 
for  further  details ) .  ‘Significantly  different  from  control.  /><(). 05. 


DISCUSSION 

The  results  of  this  experiment  confirm  other  studies  from 
our  laboratory  (13.  15.  16.  23)  which  have  shown  that 
stress-evoked  release  of  ACTH  is  closely  linked  to  observa- 
b'e  increases  in  levels  of  pituitary  cyclic  AMP.  Both  these 
responses  are  thought  to  be  mediated  via  stress-induced  re¬ 
lease  of  CRF  and  its  subsequent  action  at  the  pituitary  cor- 
ticotroph. 

Regulation  of  the  release  and  synthesis  of  ACTH  from  the 
anterior  pituitary  corticotroph  has  been  shown  to  oc  a  Cof»l- 
plex  process.  Not  only  do  numerous  secretagogues  influence 
ACTH  secretion  under  normal  physiological  status,  but  the 
relative  importance  of  these  compounds  may  change  follow- 
ing  disruptions  of  homeostasis,  e.g..  adrenalectomy  (7).  In 
addition,  corticosterone,  regulated  by  ACTH.  feeds  back 
upon  both  the  brain  and  pituitary  gland  to  affect  the  release 
and  synthesis  of  ACTH  (1,4.  8). 

Data  from  other  laboratories  have  shown  that  continuous 
in  vitro  exposure  to  CRF  or  repeated  administration  of  exog¬ 
enous  CRF  or  continuous  exposure  to  stress  in  vivo  results 
in  decreased  responsiveness  of  pituitary  corticotroph  recep¬ 
tors  to  CRF  as  measured  by  ACTH  release  (28.  29.  31.  34). 
in  the  present  experiment  we  examined  two  indices  of  CRF 
receptor-stimulated  function,  pituitary  cyclic  AMP  accumu¬ 
lation  and  ACTH  release.  We  measured  the  response- 
recovery-response  capabilities  of  this  system  and  found  that 
repeated  full  responses  are  seen  when  a  recovery  period  is 
allowed  between  presentations  of  stressors.  Desensitization 
of  CRF  receptors  to  acute  stressors  in  vivo  appears  to  be 
a  short  lived  phenomenon.  Thus,  the  organism  can  respond 
fully  to  new  stress  challenges. 

Tile  more  rapid  rate  of  recovery  of  corticosterone  levels 
toward  baseline  values  following  more  exposures  to  the 
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stressor  as  compared  to  the  elevated  corticosterone  levels  at 
the  end  of  the  first  recovers  period  could  he  interpreted  as 
reflecting  a  shorter  duration  of  ACTH  release  with  repeated 
stressor  presentation  and  thus  a  sign  of  desensiti/ation. 
However,  we  feel  that  the  elevated  corticosterone  seen  at 
this  point  is  more  likely  to  be  associated  with  mild  stress 
(e.g..  noise,  movement)  continuing  during  the  recovery 
period  w  hie h  was  habituated  to  as  the  experiment  progressed 
through  subsequent  stress  and  recovery  sessions.  A  longer 
duration  of  ACTH  release  would  also  have  resulted  in  a 
larger  amplitude  of  plasma  ACTH  at  the  15  min  measure¬ 
ment.  Since  corticosterone  levels  could  also  be  affected  by 
stress-induced  changes  in  adrenal  sensitivity  to  ACTH  or 
changes  in  corticosterone  clearance  rates,  we  believe  that 
the  most  direct  indices  of  corticotrope  response  measured  in 
this  experiment  are  the  plasma  ACTH  and  pituitary  cyclic 


AMP  levels.  These  measurements  do  not  show  any  desen¬ 
siti/ation  to  repeated  stressor  presentation. 

Since  corticosterone  levels  remained  elevated  during  the 
first  recovery  period  without  attenuating  the  ACTH  re 
sponse  to  the  second  stressor,  the  inhibitory  role  of  glu¬ 
cocorticoids  on  ACTH  release  in  this  pattern  of  stressor 
presentation  appeared  to  be  negligible.  Further  studies  of  the 
regulation  of  this  system  under  conditions  of  acute,  repeated 
and  chronic  stress  are  underway  in  our  laboratory. 
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